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Abstract 
Measurement of a humoral anamnestic response is a common procedure used to evaluate 
immunological competence. The purposes of the present study were to determine the optimum time 
period between primary and secondary immunizations needed to obtain the maximum antibody titer and 
to determine whether this interval differs with the age of the chicken or with the type of inducing antigen. 
The anamnestic responses of birds of two ages to a T-cell–dependent antigen (SRBC) and to a T-
cell–independent antigen (Brucella abortus, BA) were evaluated. Birds of 4 wk or 6 mo of age were 
injected i.v. with either BA or SRBC, and a secondary injection was given 2, 4, 6, or 8 wk later. Agglutination 
titers for total and mercaptoethanol (ME)-resistant antibodies were determined from serum samples 
collected at 3, 6, and 9 days postsecondary immunization. Generally, titers were highest at 6 days 
postsecondary immunization. For both antigens, the chick total antibody levels at Day 6 postsecondary 
immunization were higher at 4-, 6-, and 8-wk immunization intervals than at 2-wk intervals; adult titers 
were independent of immunization interval. There was an interaction between age of birds and type of 
antigen. 
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ABSTRACT Measurement of a humoral anamnestic response is a common procedure used to evaluate 
immunological competence. The purposes of the present study were to determine the optimum time period 
between primary and secondary immunizations needed to obtain the maximum antibody titer and to determine 
whether this interval differs with the age of the chicken or with the type of inducing antigen. The anamnestic 
responses of birds of two ages to a T-cell-dependent antigen (SRBC) and to a T-cell-independent antigen 
{Brucella abortus, BA) were evaluated. Birds of 4 wk or 6 mo of age were injected i.v. with either BA or 
SRBC, and a secondary injection was given 2, 4, 6, or 8 wk later. Agglutination titers for total and 
mercaptoethanol (ME)-resistant antibodies were determined from serum samples collected at 3,6, and 9 days 
postsecondary immunization. Generally, titers were highest at 6 days postsecondary immunisation. For both 
antigens, the chick total antibody levels at Day 6 postsecondary immunisation were higher at 4-, 
6-, and 8-wk immunization intervals than at 2-wk intervals; adult titers were independent of immunization 
interval. There was an interaction between age of birds and type of antigen. 
(Key words: antibodies, age, immunization interval, antigen type, chickens) 
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INTRODUCTION 
The production of hemagglutinating anti-
bodies to SRBC is commonly used as a rapid, 
easy, and economical test for immune respon-
siveness in chickens (Gross et al., 1980; Siegel 
and Gross, 1980; van der Zijpp et al., 1983; 
Gyles et ah, 1986). Tests for immunocompe-
tence often include the measurement of an 
anamnestic response, which is the more rapid 
and intense immune response that occurs upon 
rechallenge of a previously immunized indi-
vidual with antigen (Sell, 1987). The interval 
between the primary and secondary immuniza-
tions that gives the highest level of both total 
and mercaptoethanol (ME)-resistant (IgG) anti-
body production against SRBC in chickens has 
been examined by Davis and Glick (1988). 
Chicks injected with SRBC at 4 wk of age had 
a higher anamnestic response when the secon-
dary injection was given 6 or 8 wk post-
primary immunization as compared with 
chicks reinjected at 2 or 4 wk postprimary 
immunization. 
The utilization of both a T-cell-dependent 
antigen (SRBC) and a T-cell-independent 
antigen {Brucella abortus antigen, BA) (Toiva-
nen et al., 1972) allows the evaluation of two 
pathways for the induction of antibody forma-
tion. A T-cell-dependent antigen requires 
relatively greater cooperation of T-cells with 
B-cells to produce antibodies, and therefore, 
this mechanism may reach maturity at a 
different time. Researchers work with birds at 
a variety of ages; therefore, the present 
experiment examined adult chickens as well as 
chicks. The objectives were to ascertain the 
optimum interval between primary and secon-
dary immunizations for young and adult 
chickens; to determine whether optimum inter-
vals differ between age groups; and to detect 
variation in the optimum interval between T-
cell-dependent and T-cell-independent anti-
gens. 
Journal Paper Number J-14209 of the Iowa Agriculture 
and Home Economics Experiment Station, Ames, IA. Pro-
ject Number 2237. 
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MATERIALS AND METHODS 
Chickens 
Chickens used in the present study were from 
the G-Bl line, highly inbred and homozygous 
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for the B13 blood type (Knudtson and Lamont, 
1989). Two different ages of birds, 4 wk and 6 
mo, were used, with sexes equally represented in 
treatment groups. Chicks were reared in battery 
brooders until 4 wk of age, then moved to a floor 
pen with wood shavings before receiving the 
primary injection. Adult birds were kept in 
individual, suspended, wire cages throughout 
the experiment. All chickens had free access to 
feed [meeting all National Research Council 
(1984) requirements] and water. Ten birds per 
age, immunization interval, and antigen combi-
nation were used. 
Immunizations and Plasma Collection 
Birds were injected i.v. with either 1.0 mL of 
5% SRBC diluted in phosphate-buffered saline 
(PBS) or .1 mL of undiluted BA.3 Secondary 
immunizations of the same amount of antigen 
were given at intervals of 2,4, 6, or 8 wk after 
the first injection. A blood sample was obtained 
in a heparinized syringe from each bird preced-
ing each immunization and on Days 3, 6, and 9 
after each immunization. Plasma was stored 
frozen until all samples were collected. 
Agglutination Assay 
Complement was heat-inactivated (56 C, 30 
min). The hemagglutination assay was done by 
adding .05 mL diluent (PBS with .05% BSA) to 
each well of a 96-well microtiter plate. The 
initial well in each row received .05 mL plasma, 
which was then serially doubly diluted. One 
drop (.05 mL) of 2% SRBC in PBS was placed 
in each well. The plates were shaken for 1 min, 
incubated for 1 h, shaken again for 1 min, 
incubated for 2 h at room temperature, and then 
scored. The agglutination titer was expressed as 
the log2 of the highest titer giving 50% 
agglutination. The BA agglutination assay was 
similar to the hemagglutination assay, except 
that .05 mL of BA (diluted 1:10 in PBS), instead 
of SRBC, was added to each well (McCorkle 
and Glick, 1980). The plates were shaken for 1 
min and incubated for 24 h at room temperature 
in a humidified chamber. Titers for antibodies to 
SRBC and BA were also determined after 
treatment of samples with 2-ME (Delhanty and 
Solomon, 1966), which inactivates IgM, leaving 
the IgG intact. 
'Difco Laboratories, Detroit, MI 48232. 
FIGURE 1. Total and mercaptoethanol (ME)-resistant 
antibody titers (log2) to sheep red blood cells and Brucella 
abortus antigen (BA). Titers shown are means of titers 
from all ages and all intervals. Vertical bars are standard 
errors. 
Statistical Analysis 
The data were analyzed by using the General 
Linear Model procedure (SAS Institute, 1985). 
Main effects were type of antibody, age of bird 
and immunization interval. All means were 
separated for significance by using the least 
squared means option (uses repeated t tests). 
RESULTS AND DISCUSSION 
Mean titers, averaged over all ages and 
intervals, for total and for ME-resistant anti-
bodies to SRBC or BA were significantly 
higher (P<.01) on Day 6 postimmunizarion 
than on Day 3 and tended to be higher than on 
Day 9 (Figure 1). Therefore, all subsequent 
analyses were performed using Day 6 data. 
This is in general agreement with the results of 
van der Zijpp et al. (1986), who found that a 
higher titer to SRBC was observed on Day 7 
postimmunizarion than on Day 5 or Day 12. 
The finding of Davis and Glick (1988) that 
an optimal secondary antibody response to 
SRBC is obtained by administering the secon-
dary immunization 6 or 8 wk after the primary 
injection in chicks was confirmed (Table 1). 
The present study expands analysis of the 
optimum immunization interval in chickens by 
examining the response of older birds and the 
response to an additional antigen. No signifi-
cant differences were found in anti-SRBC 
titers in the adult birds among the different 
immunization intervals. Anti-BA total anti-
body titers in the chicks were significantly 
higher (P<05) for 4- or 6-wk immunization 
interval groups compared with the 2-wk 
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TABLE 1. Total and mercaptoethanol (ME)-resistanl (IgG) antibody titers (log2) to sheep red blood cells of 








45 ± .26° 
8.0 ± .52b 
9.0 ± .47* 
9.3 ± .50*3 




0 ± 0b 
3.9 ± .71* 
4.0 ± .63* 
3.8 ± .49a3 
4.8 ± .72* 
primary injection 
Total 
8.4 ± .29* 
7.1 ± .48b 
7.7 ± .68b 
8.2 ± . 71* 
15 ± .31b 
6 mo 
ME-resistant 
2 ± .14b 
55 ± .45* 
4.8 ± A6* 
5.6 ± .31* 
5.4 ± .34* 
"Means within a column with no common superscripts are significantly different (P<05). 
'Data are antibody titer x ± SEM. n = 10 except where indicated. 
2Primary response. 
interval group (Table 2). The adult birds had 
similar anti-BA titers for the 2-, 6-, and 
8-wk intervals. Adult birds in the 4-wk 
immunization interval group had significantly 
lower titers of both total (P<01) and ME-
resistant (P<.05) antibodies. The reason for 
this is unknown, but is hypothesized to be due 
to environmental effects on the birds them-
selves or on the microtiter assay. 
In comparing the mean total secondary anti-
BA antibody titers (averaged over all intervals) 
there was little difference between 4-wk and 
6-mo response (8.9 and 8.3, respectively). The 
mean total secondary antibody titer to SRBC, 
by contrast, was greater at 4 wk than at 6 mo 
(8.8 and 7.6, respectively). The primary 
antibody response exhibits a much larger age 
effect, with 6-mo response being greater for 
both antigens and much more so for anti-
SRBC antibodies (Tables 1 and 2). Although 
the same total dose of antigen was used at each 
age, meaning that older (larger) birds received 
a smaller dose per unit weight, the dose used 
had been previously shown to elicit maximal 
responses from birds of this genetic line at a 
variety of ages (data not shown). The lower 
anti-SRBC antibody levels of secondary, com-
pared to primary, response was also noted by 
Kreukniet and van der Zijpp (1990) after high-
dose immunizations of young chicks. The 
greater primary antibody response at 6 mo, 
compared with 4 wk, agrees with a previous 
detailed study of age effects on antibody 
production (McCorkle and Glick, 1980). 
The proportion of total antibodies present as 
ME-resistant antibodies varied between anti-
gens and between ages. There was a lower 
mean percentage of ME-resistant secondary 
TABLE 2. Total and mercaptoethanol (ME)-resistant (IgG) antibody titers (log2) to Brucella abortus antigen of 








7.1 ± .37^ 
7.6 ± .37b 
9.5 ± .87* 
95 ± .85" 




.8 ± .22b 
4.7 ± .79* 
65 ± .95" 
6.4 ± .87* 
5.0 ± 1.27* 
primary injection 
Total 
9.0 ± .59* 
9.3 ± .76* 
6.8 ± .55b 
8.8 ± .70* 
8.3 ± .42" 
6 mo 
ME-resistant 
33 ± .39* 
4.4 ± 24s3 
2.8 ± .65b 
42 ± .60*3 
5.0 ± 26* 
a~cMeans within a column with no common superscripts are significantly different (P<05). 
'Data are antibody titer x ± SEM. n = 10 except where indicated. 
^Primary response. 
3n = 9. 
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antibodies in 6-mo-old than in 4-wk-old birds 
(49.1 and 63.5%, respectively). Because the 
total antibody level was the same, this 
represents a net difference in level of ME-
resistant antibodies. No other published values 
for secondary ME-resistant response to BA are 
available to determine whether this lower 
response in older birds is a general phenome-
non for this antigen. The ME-resistant antibod-
ies to SRBC were higher in 6-mo-old than in 
4-wk-old birds, both in absolute level (Table 1) 
and in percentage of total antibodies (70.0 and 
46.8%, respectively). Part of the higher per-
centage in the older birds is due to a lower 
level of total antibodies. The range of secon-
dary ME-resistant titers at 6 or 7 days 
postimmunization to SRBC (3.8 to 5.6) in die 
present study is slightly higher than that 
reported in other studies (3.2 to 5.0, Davis and 
Glick, 1988; Kreukniet and van der Zijpp, 
1990) as are the total antibody titers, perhaps 
due to differences in the genetic lines tested or 
to the laboratory assay conditions. The per-
centage of ME-resistant secondary antibodies 
in individual test groups ranges from 40.9% (4 
wk primary immunization, 6-wk interval) to 
77.5% (6 mo primary immunization, 2-wk 
interval). These values are lower than those 
observed by Davis and Glick (1988; 66.7 to 
89.1%) and Kruekniet and van der Zijpp 
(1990; 50.7 to 96.0%) at 6 or 7 days 
postsecondary immunization, perhaps for the 
same reasons that total antibodies differ. 
An interaction in ME-resistant secondary 
antibody titer between antigens and ages, 
averaged over all immunization intervals, was 
observed, which may indicate that different 
kinetics of humoral immunoresponsiveness in 
T-cell-dependent and T-cell-independent path-
ways exist between different ages of birds. The 
chicks had a higher response against BA than 
did the adults, titers of 5.6 and 4.1, respective-
ly; adult birds had a higher response against 
SRBC than did the chicks, titers of 5.3 and 4.1, 
respectively. 
Researchers have reported a wide variety of 
levels for anti-SRBC antibody response fol-
lowing primary and secondary immunizations 
(Gross et al., 1980; McCorkle and Glick, 
1980; Siegel and Gross, 1980; van der Zijpp et 
al, 1983, 1986; Gyles et al., 1986; Davis and 
GUck, 1988; Kruekniet and van der Zijpp, 
1990). Factors contributing to this variation 
may include: dose and route of antigen, 
immunization interval, assay system, and age, 
sex, and line of chickens used. 
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